I. INTRODUCTION.
The preceding papers have shown that the phenomenon of regeneration of shoots in Bryophyllum calycinum is to be treated as a problem of nutrition and growth, since equal masses of sister leaves, when cut off from the plant, produce under equal conditions and in equal time approximately equal masses of shoots though the number of shoots may differ considerably; 1 and since stems split longitudinally, each retaining one sister leaf, produce also approximately equal masses of shoots in equal times and under equal conditions. ~ When the masses of two sets of sister leaves are made unequal, the mass of shoots produced by the leaf or by the stem varies approximately in proportion to the mass of the leaves. This law holds only when the leaves are exposed to light and it seems difficult to interpret it in any other way except that it is primarily the mass of the material produced in or sent out by the leaf which determines the mass of shoots produced in these cases.
Phenomena of regeneration show a second characteristic which we may designate briefly as that of morphological polarity, whereby we mean that an isolated piece of a plant or animal will as a rule produce different organs at opposite ends. If regeneration is a phenomenon of nutrition or chemical mass action, it will also become necessary to account for this polarity in terms of nutrition or mass action. We have commenced an investigation of the physiological basis of polarity and have published already some results which have PI-I'YSIOLOGICAL BASIS OF POLARITY. II also shown a dominating influence of the mass of the leaf. 3 Thus in Bryophyllum calycinum a leaf at the apex of a piece of stem will inhibit the formation of shoots in the basal part of the stem and this inhibitory influence disappears when the mass of the leaf is diminished below a certain limit. This inhibitory influence of the leaf upon shoot formation follows the path of the conducting vessels from the leaf into the stem. Hence a leaf favors shoot formation at the apex of a piece of stem and inhibits shoot formation at the basal parts of the stem, and both phenomena are a function of the mass of the leaf.
This influence of the leaf exists in the normal plant as well as in the regenerating plant; i.e., in a piece cut out from the plant. The normal stem of Bryophyllum calycinum has two dormant buds in each node capable of growing into shoots, though they never do so in a normal plant. This is partly due to the influence of the apical leaves and this influence is responsible for the fact that the normal stem of Bryophyllum is unbranched. We say partly due to the leaves since the growing region at the apex acts in a way similar to a leaf. n We intend to show in this paper that the leaf not only influences shoot formation but also root formation.
H. Influence of the Mass of an Apical Leaf on the Mass of Air Roots
Formed.
Pieces containing a number of nodes were cut out from healthy plants of Bryophyllum calycinum. All the leaves except the two apical ones were removed and the stems were split longitudinally so that each half of stem possessed one apical leaf. One leaf was usually left intact; the mass Of the other leaf was reduced by cutting away part of the leaf. The two sets of half stems were suspended horizontally in a moist aquarium with the cut surface above (Fig s.  1 and 2 ). On the lower side of the stems roots soon formed, first generally at the second node behind the leaf, and later at the base and at other nodes. At the base the formation of roots was most abundant. Still later roots were also formed in the internodes, especially in the region of geotropic curvature.
Fro. 1. Stems split longitudinally and suspended horizontally, each half stem having one leaf at the apex; stem on left, whole leaf; stem on right, leaf reduced in size. Considerably more roots are produced in the half stems with whole leaf on left than on right where the mass of leaf is diminished. Geotropic curvature is also greater where the mass of leaf is greater. Duration of experiment 36 days.
Fro. 2. Repetition of experiment in Fig. I . Duration of experiment 25 days. 689
It was expected and found that the larger tire mass of apical sister leaves the greater the mass of roots produced in equal time and under equal conditions. Figs. 1 and 2 are typical experiments of this kind. It was not possible, however, to prove that the two masses of roots formed (in about 5 weeks) are always proportional to the masses of leaves. This may be due to two sources of error inherent in experiments on root formation. First, the roots we are dealing with are air roots which usually dry out and fall off after a short time, while new air roots begin to form. This alone would make it almost impossible to prove an exact proportionality between mass of leaf and of root production even if it existed. The second difficulty lies in the fact of the small mass of each root, which makes the error in cutting off and in ascertaining the mass of the roots rather large. The fresh as well as the dry weight of the roots was determined in each case. The data given in Table I , however, leave no doubt that the mass of roots increases when the mass of leaves increases, though no mathematical expression of the relation can be deduced, for the reasons stated. When the half stem has no leaf the root formation is greatly retarded and diminished if not suppressed, as is shown in Fig. 3 . One set of half stems had an apical leaf, while the other set had no leaf. The stems were lying with their cut surface on moist filter paper. The stems without a leaf formed practically no roots though they formed apical shoots. The other set of half stems with an apical leaf formed an abundant supply of roots but the shoot formation was suppressed by the apical leaf. The drawing was made 26 days after the beginning of the experiment.
The writer has repeatedly called attention to the fact that not only the root formation but also the geotropic curvature of the stems increases with the mass of the apical leaves, 4 and this fact was confinned in the new experiments. The stems in Figs. 1 and 2 were originally perfectly straight, and the curvature noticeable in the photographs is due to the growth in length of a certain layer of cells of the cortex. These experiments show, in the opinion of the writer, that the phenomenon of geotropic curvature is also a phenomenon of Loeb, J., Bot. Gas., 1917, lxiii, 25; Ann. Inst. Pasteur, 1918, xxxii, 1. nutrition and growth and t h a t H a b e r l a n d t ' s hypothesis of an otolith function of starch granules as the cause of geotropic c u r v a t u r e is neither needed nor warranted. T h e hypothesis of geotropic " s t i m ulation" had better be replaced b y the application of the law of mass action. ~ 
III. The Influence of Light Upon Root FormJtio~ i~ the Stem.
Six stems were split longitudinally into two pieces, each with an apical leaf as described. One-half of each stem was suspended horizontally, with the cut surface above, in a dark aquarium, the other in an a q u a r i u m exposed to light. The temperature was the same in both aquaria. After 22 days p h o t o g r a p h s (Figs. 4 and 5) were taken. T h e stems exposed to the light ( considerable mass of air roots while the stems kept in the dark (Fig. 5 ) had formed practically no roots. In the dark the leaves have a tendency to fall off but we are not ready to attribute the nonappearance of roots on the stems kept in the dark purely to the interruption of the sap flow from leaf to stem. I t is probably also partly due to the interruption of the process of assimilation in the leaf. This is suggested b y the fact that we get the same inhibition or Fro. 6. Stems split longitudinally, each half stem having one apical leaf. Stems on left, having their leaves covered with tin-foil, produce only few roots, while stems on right, having their leaves exposed to light, produce in the same time a considerable mass of air roots. Duration of experiment 27 days.
suppression of root formation when we cover the leaf with tin foil in which case the tendency of the leaf to fall off is less striking. Figs. 6 and 7 are illustrations of such an experiment after 27 days. There was less difference in the geotropic curvature of steins with leaves in the light and in the dark than in the mass of roots produced. This m a y be due to the fact that the geotropic curvature occurs at an earlier date than the root formation; hence the substances existing in the leaf at the time of darkening m a y suffice for bringing about the geotropic curvature but will not suffice for bringing about ample root formation. 
IV. Effect of Gravity on Root Formation.
Figs. 8 and 9 are photographs of whole stems suspended horizontally, each stem having an apical leaf on the upper side. All these stems were originally perfectly straight. The reader will notice that all the stems have an abundant supply of roots but these roots are all on the lower side of the stem with the exception of the extreme basal end. The mass of the leaves was reduced in one set of stems ( Fig. 8 ) and the mass of roots was less in this set than in the other (Fig. 9) , where the mass of the leaves was larger, thus confirming our statement at the beginning of this paper. The stems with a larger mass of leaves have undergone also considerably greater curvature than the stems with a smaller mass of leaves.
P H Y S I O L O G I C A L B A S I S O F P O L A R I T Y . II
There is another connection between root formation and geotropic curvature. We have shown in a preceding paper 4 that the curvature is due to the fact that the under side of the cortex of a stem suspended Fro. 8.
horizontally continues to grow in length while the upper side does not do so to any appreciable degree. The photographs (Figs. 8 and 9) show that if we disregard the basal end of the stem, the roots develop
FIGS. 8 and 9. Whole stems with leaf at apex on upper side. Stems in Fig. 8 with leaves reduced in mass produce fewer roots than stems in Fig. 9 with whole leaves. In both cases roots are formed on the under but not on the upper side of stems, except at the extreme cut end.
The geotropic curvature is greater in stems ~*ith whole leaves (Fig. 9 ) than in stems with reduced leaf (Fig. 8) . Duration of experiment 36 days.
only on the basal side of the stem. The fact that no roots grow on the upper side of the stem cannot, however, be dismissed with the mere statement of an influence of gravity in this case. Fig. 4 shows that an abundance of roots will be formed on the upper side of a horizontal stem when the lower side is cut off. W h y then will no roots develop on the upper side of an intact stem suspended horiFro. 10. Leaves suspended sidewise in air. On left side of photograph more roots are formed on the lower than on the upper side of leaf; in the leaves on the right side of the photograph the lower edge is cut off. In this case the upper edge of the leaves produces the roots and shoots which otherwise would have developed below. Duration of experiment 25 days.
zontally? The reason is that the roots grow more rapidly on the lower side of a stem suspended horizontally and that on account of this more rapid growth of the roots on the under side the growth of roots on the upper side of the stein is inhibited. When we remove the under side of a stem this inhibitory effect disappears and roots will grow from the upper side of the stem.
The correctness of this reasoning (which is of importance for the theory of polarity) can be demonstrated by experiments on the production of roots in isolated leaves. When isolated leaves of Bryophyllum calycinum are suspended sidewise in a moist atmosphere, an abundance of roots is formed on the lower side of these leaves and none or fewer on the upper side (see left half of Fig. 10 ). This is due to the fact that roots commence to develop a little earlier in the notches on the under than on the upper side of such a leaf and that they grow in general a little more rapidly on the lower than on the upper side. The more rapidly growing elements in a leaf inhibit the growth of the more slowly growing elements of the same kind. 1 The correctness of this interpretation is demonstrated on the right half of the photograph. The four leaves on the right side of Fig. 10 are the sister leaves of the four leaves on the left. The lower edge of the leaves on the right side was cut off, thus preventing the growth of roots on the lower side, since roots only grow out from preformed buds in the notches of a leaf. In this case the roots on the upper side grow out more abundantly. The photograph was taken on the 25th day of the experiment. Figs. 11 and 12 demonstrate another experiment of the same type. Fig. 11 shows that in the intact leaves on the left half of the drawing, the roots grow out sooner on the lower than on the upper side. The drawing was made after 8 days. In the sister leaves on the right side of the drawing, the lower edge of each leaf was cut off, thus preventing root formation on the lower side of the leaves. Practically no roots had formed on the upper side of the leaves. Fig. 12 is a drawing of the same leaves 25 days later. In the leaves on the right side, where the notches on the under side were cut off, the growth of roots and shoots on the upper side is much more abundant than it is on the upper side of the sister leaves on the left side of Fig. 12 , where the growth on the upper side was retarded or inhibited by the more liberal growth on the under side of the leaves. The mass of shoots in each pair of sister leaves was practically in proportion to the mass of the leaves.
A striking demonstration of the principle that acceleration of root (and shoot) formation in one part of a leaf inhibits the root (and shoot) formation in the other part of the leaf is offered in Figs. 13 and 14 . The four leaves in Fig. 13 were put with their apices into water which accelerates root formation in the notches. An enormous growth of roots occurred in the watered notches. This suppressed the growth of roots in the other notches of the leaf and caused the air roots a l r e a d y formed there to shrink and dry up soon after they were formed. Fig. 10 , showing that roots form first at lower edge of leaves suspended sidewise. Drawn oi1 8th (lay of experiment.
FIG. ll. Similar experiment as in
The drawing was made on the 17th day. Fig. 14 is a drawing of the sister leaves, made also after 17 days. These sister leaves were not dipped in water, but were suspended in moist air. Hence no special acceleration of root formation took place in any part of the leaf.
As a consequence we have an a b u n d a n t supply of roots in practically every notch of the leaf. In the upper lateral leaves which are suspended sidewise the growth of roots is again more a b u n d a n t in
Ira c
FIG. 12. The same leaves as in Fig. 11 , but 25 days later, showing that the more rapid development of roots on the lower side of Leaves I to V retards or inhibits the development of roots on the upper side of the leaves. In Leaves I a to V a, where the lower edge is cut off, the development of roots and shoots on the upper side is not restricted. the notches on the lower side, while no such influence of gravity is noticeable in the lower central leaves. This difference has been discussed in a previous paper and the influence of gravity on the development of roots in the leaves suspended sidewise was explained as being due to a greater collection either of water or of solutes or of both in the notches on the lower side. ~ This influence of gravity on When we dip isolated leaves with their apices into water an enormous root and shoot formation will occur in the notches of the apex but nowhere else. The proof that the rapid growth of roots and shoots in the apex inhibits the formation of roots and shoots in the other notches was furnished by the following experiment. After some time the leaves were taken out of the water and suspended in moist air and the shoots formed in water were removed. The roots formed in water dried out. Very soon roots and shoots began to appear in the upper notches of the leaf thus proving that the growth in the upper notches had originally been suppressed by the more rapid growth of the roots and shoots formed at the apex when the latter was dipping into water.
If we turn from these experiments to the observations on root formation in whole stems suspended horizontally (Figs. 8 and 9 ), we reach the conclusion that the upper side of such a stem (with the exception of the extreme basal end) is free from roots for the reason that water or solutes or both collect a little more freely on the lower side of the stem, thus favoring root formation on that side. The greater rapidity of growth of the roots on the lower side creates secondary conditions by which the growth of roots on the upper side is inhibited. When we remove the lower half of a horizontally suspended stem we remove this inhibitory influence and now roots can grow out on the upper side.
Since in all these cases the horizontally suspended stems bent geotropically, whereby the under side became convex, it might be argued that this convexity was the cause of the greater abundance of roots on the under side. A series of simple experiments showed that this was not the case. Pieces of stem were bent passively and tied in this position to sticks of wood (Fig. 15 ). They were suspended in such a way that they turned their concave side downwards. In all cases, without any exception, the roots developed on the lower sides of the stems which were now concave (Fig. 15, after 35 days) . They also developed on the ~nder side when the bending of the stem was prevented by cork rings and when the stem was enclosed in a glass tube, as in Fig. 16 . of such a stem is removed. This suggests the possibility t h a t if the upper half of a citron bough, suspended horizontally, is removed the shoots might grow out from the under side, and that in Reed and Reed, H. S., and Halma, F. F., Univ. Cal. Pub., Agric. Sc., 1919, iv, 99. Halma's experiment the formation of shoots on the under side of a piece of stem of citron when suspended horizontally was inhibited by the more rapid growth of the shoots on the upper side of such a piece of stem.
The writer has already reported an experiment ~ which proves directly that the growth of a shoot on the upper side of a stem of Bryophyllum, suspended horizontally, inhibits the growth of a shoot on the lower side of such a stem. When we isolate a piece of stern of Bryophyllum and remove all the leaves from such a piece the two buds situated in the most apical node will grow out into shoots. When we place a stem horizontally in such a way that the line connecting the two apical shoot buds is vertical, both buds will begin to grow out but the upper shoot will grow more rapidly than the lower one and in the majority of cases the lower shoot will soon stop growing, while the upper shoot continues to grow. When we remove the upper bud, this inhibitory effect on the lower bud disappears and the shoot on the lower side will grow out as vigorously as the upper shoot would have done if its bud had not been removed.
Our experiments Show also that the path for the substances favoring root formation is not identical with the path determining inhibition of shoot formation. Thus in Figs. 8 and 9 the inhibitory influences on shoot formation in the stem follow the conducting vessels on the upper half of the horizontally suspended stem, while the root formation is favored in the lower half of the stem.
V. The Preformation of Root Buds in the Axil of a Leaf.
We have seen that in the axil of each leaf of Bryophyllum calycinum there is one bud capable of growing out into a shoot, though this growth is inhibited in a healthy plant under normal conditions, and the mechanism of this inhibition determines also the polar character of regeneration as far as shoot formation is concerned. Roots can develop anywhere on the stem and this causes the appearance as if no preformation of root buds existed in the plant. Yet this appearance is deceptive since as a matter of fact in the axil of each leaf there is not only a preformed shoot bud but also a preformed root bud. Curiously enough, this root bud lies a little above (apically from) the shoot bud. Special experiments are required to demonstrate the existence and activity of these root buds. The simplest method of doing this is represented in Fig. 17 . Vigorous stems consisting of five or six nodes are deprived of all leaves except those at the base. These basal leaves should be large since, as we have seen, the mass of root formation increases ceteris paribus with the mass of the leaves. The stems are suspended vertically in moist air so that the basal cut end just dips into water. In about 3 or 4 days (at greenhouse temperature and with good illumination) shoots and roots begin to grow out simultaneously. Fig. 17 gives a picture of such an \ / FIG. 17. Stems with two large leaves at base, the latter dipping in water, showing that roots form in many of the nodes situated apically from the leaf from buds situated above the shoot bud. Drawn after 6 days. experiment after 6 days. The shoots are represented in thick black spots and the roots in double lines, thus imitating their natural appearance since the buds are at first dark red and the roots are, of course, white. It is obvious that each root takes its origin above (apically from) the bud.
About a week or 8 days after the preformed root buds have grown out from the stem, the formation of roots at the base near the cut end begins (Fig. 18) . Under the conditions of our experiment they touched the water and began to grow very rapidly. As soon as this happened, the air roots in the upper part of the stem began to dry out and were not replaced b y new roots. The inference must be drawn that the luxurious growth of the roots at the basal end of   FIG. 18 . The same stems as in Fig. 17, 8 days later. The basal roots in water have now commenced to develop and as a consequence the air roots, located higher up and formed before, commence to dry out and fall off.
FIo. 19. The same stems as in Fig. 18 but 9 days later. The air roots'have practically disappeared. The basal roots in water are developing rapidly. the stem inhibited the further growth of the roots in the more apical nodes of the stem; in the same way as the more rapid growth of the most apical buds of a stern suppresses in general the growth of buds situated more basally. Thus in each stem (Fig. 17) not only the FIG. 20. Short stems with large basal leaves dipping with their apical ends in water. All the stems produced air roots at the basal end, which in this case is above and in air. The lower one of the four stems formed roots at its apical end and these roots dipping in water grew more rapidly than the air roots. In this case the air roots at the upper (basal) end of the stem dried out. Drawn after 26 days. m o s t apical bud.s but also the buds in one or two nodes below began to grow out, but their growth was suppressed by the more rapid growth of the most apical bud (Fig. 18) . Fig. I9 is a drawing of the same stems 9 days later. H a r d l y a n y trace of the air roots in the upper part of the stem is now left, while the basal roots have developed. Only at the base of the apical shoots roots may continue to grow.
The suppression of the growth of the more apical roots at the time when the roots at the base of the stem begin to grow is the analogue of.the suppression of roots in a leaf the apex of which dips into water, as in Figs. 13 and 14 .
These ideas raised the question whether it would be possible to suppress the roots at the base of a stem by putting the apical roots into water, thereby accelerating their growth. Fig. 20 shows such an experiment. Short pieces of stems with a pair of leaves at their base and one node in front were dipped with their apices into water. The root and shoot buds of the apical nodes were removed and only one stem (the lower one in the drawing) formed roots at the apex which grew rapidly. The air roots at the base of this stem which had begun to form dried out and never grew again while the air roots at the base of the three other stems (which had formed no roots at the apex) continued to grow. The drawing was made on the 26th day of the experiment. It is, however, not very easy to cause abundant root formation at the apex and hence this experiment will have to be repeated.
VI. The R61e of Nodes in Root Formation.
The reader will have noticed that in order to demonstrate that roots can be formed also in the apical regions of a piece of stem we used isolated pieces of a stem with two leaves at the basal end. The basal leaves must be large since the mass of new roots formed increases with the mass of the leaf. If the leaves are not at the base but in the middle of the leaf, or, more correctly, if the piece of stem basally from the leaf includes one or more nodes, the root formation in the stem apically from the leaf is generally suppressed. The nodes basally from the leaf act like basal roots in preventing root formation in the more apical region. This has been verified in different ways some of which may be described.
When we select long stems with one large leaf at the base of the stem, and suspend them horizontally in moist air, roots develop first at some of the nodes apically from the leaf, and later in abundance at the base of the stem near the cut end (Fig. 21) . Though these "' j I, FIG. 21 . Stems with leaf at base suspended in moist air. Roots developed first in some of the more apical nodes of the stem and persisted even after the basal roots had formed. The latter, being air roots, grew too slowly to inhibit the growth of the more apical roots. Drawn after 30 days. latter roots will soon surpass in mass the apical roots, the apical roots will not wilt. The basal roots, when they develop in air instead of in water, do not grow rapidly enough to suppress the growth of the more apically situated roots. The drawing was made on the 30th day after the beginning of the experiment. The upper half of the stems had been cut off in this experiment. If, however, the leaf is not at the base but in the middle, of the stem, as in Fig. 22 , roots will FIG. 22. Leaf in middle of stems suspended hQri~ntally. Practically no roots develop in front of the leaf, the nodes basally from the leaf inhibiting the growth in the more apical nodes. Drawn after 24 days.
develop and persist only basally from the leaf. It is only necessary for this result that one node is preserved basally from the leaf, as in Fig. 23 .
When we suspend a stern of Bryophyllum caIycinum, possessing one leaf in the middle and on the under side of the stem, horizontally in moist air, the root formation will usually start first from the second node and not from the first node behind the leaf. 7 The reason for this lies probably in the fact that the dormant root bud in the second node lies in the path of the descending sap from the leaf, while the root bud in the first node basally from the leaf lies above this path. We notice generally that in a piece of stem suspended horizontally, J)( FIG. 23 . Showing that one node behind the leaf suffices for this inhibition of the growth of roots in the buds situated apically from the leaf.
possessing one apical leaf on the under side and two nodes basally from the leaf, roots will grow out before they grow out in a similar piece of stem possessing only one node basally from the leaf.
7 Loeb, J., Bo~. Gaz., 1917, lxh'i, 25 .
VII. General Remarks.
As far as the polar character of root formation is concerned, the experiments show that dormant buds for the development of air roots exist in the axil of each leaf (apically from the resting shoot buds) and that it is the rapid growth of the basal roots in the soil or in water which prevents these roots from growing out in the normal plant.
To explain this inhibition it suffices to assume that a more rapidly growing organ in a plant generally inhibits the more slowly growing organ of the same kind in other parts of the plant. This principle is, perhaps, the most generally active in the phenomena of correlation. The more abundant growth of the basal roots must find its explanation on the assumption of the greater collection of water and solutes necessary for root growth at the base of a normal or isolated piece of stem. This follows from the fact proved in this paper that the mass of air roots formed in an isolated piece of stem increases with the mass of leaf attached to the stern and that the leaf has this influence only if it is exposed to light. This indicates that the root formation is primarily a phen()menon of nutrition and growth.
Bayliss 8 has called attention to a paper by Errera 9 on "inhibitory stimulation" in which this author discussed the influence of the apex of fir trees on the direction of growth in secondary branches, and of the apex of roots on the direction of growth of secondary roots. Errera accepted Czapek's hypothesis of the formation of a specific anfioxidase as a consequence of the "geotropic perception" and raised the question whether the influence of the apex on the lower ramifications does not consist essentially in sending to these branches, or in calling forth in these branches the formation of, a substance antagonistic to this antioxidase--a kind of antibody. This idea is, of course, very hypothetical, and the writer without being aware of Errera's suggestion had offered a different explanation of the same phenomenon. 7
The assumption of the existence of specific inhibitory substances which the writer had used tentatively in two preceding papers, ~ and which was based on the experiments of geneticists, is not needed for the explanation of the results published in this paper.
In the next paper the writer intends to furnish direct proof for the fact that the isolation of a piece of a plant leads to a change in the flow and distribution of sap and that this change in the distribution determines the starting of growth of formerly dormant buds which is the essential feature in regeneration. SUMMARY 1. The experiments show that the mass of air roots formed in a stem increases with the mass of the leaf attached to the stem, though it has not been possible to establis.h an exact mathematical relation between the two masses, owing to unavoidable sources of error.
2. Darkened leaves do not increase the mass of roots formed. 3. In stems suspended horizontally air roots appear on the lower side of the stem, with the exception of the cut end where they usually appear around the whole circumference of the stem. When the lower half of a stem suspended horizontally is cut off, roots are formed on the upper side. It is shown by experiments on leaves suspended horizontally that the more rapidly growing roots and shoots on the lower side inhibit the root and shoot formation in the upper half of such a leaf; and likewise the more rapid formation of roots on the lower side of a horizontally suspended stem seems to account for the inhibition of root formation on the upper side of such a stem. Likewise the more rapid growth of shoots on the upper side of a stem suspended horizontally is likely to inhibit the growth of shoots on the lower side.
4. Each leaf contains in its axil a preformed bud capable of giving rise to a root, which never grows out in the normal stem on account of the inhibitory influence of the normal roots at the base of the plant. These dormant root buds are situated above (apically from) the dormant shoot bud. The apical root buds can be caused to develop into air roots when a piece of stem is cut out from a plant from which the leaves except those in the basal node of the piece are removed. The larger these basal leaves the better the experiments succeed.
5. These apical air roots grow out in a few days, while the roots at the basal end of the stem (which in our experiments dip into water) grow out about a week later. As soon as the basal roots grow out in water they cause the air roots in the more apical region of the stem to dry out and to disappear.
6. In addition to the basal roots, basal nodes have also an inhibitory effect on the growth of the dormant root buds. in the apical region of a stem. This is indicated by the fact that a stem with one pair of leaves near the base will form apical air roots more readily when no node is situated on the stem basally from the leaf than if there is a node basally from the leaf.
